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Assessing taxonomic metagenome profilers with
OPAL

Fernando Meyer, Andreas Bremges, Peter Belmann, Stefan Janssen, Alice C. McHardy, David Koslicki

Table S1. Assessed profiling software, used parameters, and corresponding Bioboxes available as Docker
images on Docker Hub.

Software Parameters Biobox docker image

CommonKmers -p <num cpus> -Q C -k

sensitive --normalize

stefanjanssen/docker profiling tools:commonkmers

FOCUS CAMI -m 0.001 -c bd -k 8 stefanjanssen/docker profiling tools:focus
Quikr 1.0.0 -n 10 -t SEK stefanjanssen/docker profiling tools:quickr
mOTU 1.1 --processors=<num cpus>

<readfile>

stefanjanssen/docker profiling tools:motu

Metaphlan 2.2.0 --mpa pkl

db v20/mpa v20 m200.pkl

--input type fastq --nproc

<num cpus> --bowtie2db

db v20/mpa v20 m200

--bowtie2out /tmp/out.bowtie2

--output file <output>

stefanjanssen/docker profiling tools:metaphlan2

MetaPhyler 1.25 <readfile> blastn <output>

<num cpus>

stefanjanssen/docker profiling tools:metaphyler

TIPP 2.0.0 ENV REFERENCE

$PREFIX/share/tipp/

stefanjanssen/docker profiling tools:tipp

Table S2. Run time in hours and maximum memory usage in gigabytes (in parentheses) required by
profilers to process different datasets.

Software CAMI I high
complexity dataset

CAMI II mouse gut
dataset

HMP Mock
Community dataset

Metaphlan 2.2.0 2.13h (1.44GB) 12.50h (1.66GB) 0.09h (1.41GB)
FOCUS CAMI 2.34h (4.99GB) 13.45h (4.99GB) 0.07h (5.12GB)
Quikr 2.12h (24.12GB) 16.32h (26.12GB) 0.25h (24.62GB)
mOTU 1.1 3.82h (1.19GB) 19.83h (1.19GB) 0.15h (1.01GB)
CommonKmers 11.28h (24.16GB) 76.82h (26.03GB) 0.61h (21.92GB)
MetaPhyler 1.25 31.16h (6.85GB) 119.51h (2.56GB) 0.44h (1.92GB)
TIPP 2.0.0 32.01h (81.53GB) 151.01h (67.51GB) -
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Fig. S1. Taxa proportions per sample for the CAMI I high complexity dataset at different
taxonomic ranks. At the superkingdom level, most organisms in all samples are Bacteria, with the
proportion of Archea varying between 0.8 and 1.5%.
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Fig. S2. Taxa proportions per sample for the CAMI II mouse gut dataset at different
taxonomic ranks. At the superkingdom level, 100% of the organisms in all samples are Bacteria.
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Fig. S3. Taxa proportions for the HMP Mock Community dataset, staggered sample, at
different taxonomic ranks. This dataset contains 22 species, with 82.01%, 17.97%, and 0.02% of
relative abundance being Bacteria, Archaea, and Eukaryota, respectively.
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c CAMI II mouse gut dataset
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Fig. S4. Rarefaction curves (solid lines) for the CAMI I high complexity dataset (a-b)
and the CAMI II mouse gut dataset (c-d) at different taxonomic ranks. Dotted lines are
accumulation curves. b and d are in logarithmic scale with base 10. OPAL always assumes that the
samples are from the same environment.
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f HMP Mock Community dataset
Software (score)

Ranking per metric Completeness Purity L1 norm Weighted UniFrac Sum of scores
1st MetaPhyler (0) Metaphlan (2) Metaphlan (2) Metaphlan (0) Metaphlan (12)
2nd Metaphlan (8) mOTU (3) MetaPhyler (3) MetaPhyler (1) MetaPhyler (20)
3rd Quikr (8) CommonKmers (10) mOTU (11) mOTU (2) mOTU (30)
4th mOTU (14) MetaPhyler (16) CommonKmers (17) CommonKmers (3) CommonKmers (50)
5th CommonKmers (20) FOCUS (19) FOCUS (17) FOCUS (4) Quikr (63)
6th FOCUS (25) Quikr (25) Quikr (25) Quikr (5) FOCUS (65)

Fig. S5. Assessment results on the CAMI I high complexity (a, b, e) and the HMP Mock
Community (c, d, f) datasets. a, c Relative performance plots with results for the metrics weighted
UniFrac, L1 norm, completeness, purity, and number of false positives at different taxonomic ranks. The
values of the metrics in these plots are normalized by the maximum value attained by any profiler at
a certain rank. b, d Absolute performance plots with results for the metrics completeness and recall,
ranging between 0 and 1. e, f Rankings of the profilers according to their performance and scores for
different metrics computed over all samples and taxonomic ranks. For details, see main text.
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Fig. S6. Assessment summary of the results of profilers on the CAMI I high complexity (a-g) and the CAMI II mouse gut (h-n)
datasets. The values of the metrics are averaged over all samples in each dataset, with the standard error being shown in parentheses.
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d order - CAMI I high complexity dataset
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Fig. S7. Assessment summary of the results of profilers on the CAMI I high complexity (a-g) and the CAMI II mouse gut (h-n)
datasets. The values of the metrics are averaged over all samples in each dataset, with the standard error being shown in parentheses.
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datasets. The values of the metrics are averaged over all samples in each dataset, with the standard error being shown in parentheses.
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a superkingdom - HMP Mock Community dataset
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b phylum - HMP Mock Community dataset
����������	�����
��
���

���� ����
������� ����������� ����� �������� ��������� ��� � ��!�

� ����� ����� ��	
� ��	
� ��	
� ��	
�

� ��	�� ��

� � ���
 ����� �

� ���� ����
 ���� ��	 ���� ����

� 
 
 � � � �

� � � � � �	 �

� � � � � � �

� ����
 ���

 ��	
� ����� ����� ��	
�

"	�������
�������

� 	��� 	�	 
�	� 
� ���� ���


� ��� ��
 ��� �������� �������� ��������

� �� ��
�	 ����	 ���� ���� ���	�

� ��� ���
� ����� ���� ��
�� ����

"����
��#�����

� �  � 	 �� �

���� ����
 ��� ��	�� ��	�� ��
� ��
	

��
�� ���� ����
 ����� ��� ����� ����

���������������������

����� ������������

!�������

�����������"��

!�����������"��

!�������#���"��

$�����%���%�&

'��#(��%�)��!���������

)�*��#(��%�)��!���������

+������������

,�� -�������%�������

��&���������

.(������%�"����� 

.(�������/����0���� 

c class - HMP Mock Community dataset
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d order - HMP Mock Community dataset
����������	�����
��
���

���� ����
������� ����������� ����� �������� ��������� ��� � ��!�

� ����	 ����
 ��	�� ��	�� ��	�� ����

� ����� ��� �� ���
� ����
 ����

� ����� ���
 ��
� ��
�� ���� ����

�� ��  �� �� �� ��

� 
 �� � �� � �

� � 
 � � � �

� ��

� ���� ���
 ����� ����� �����

"	�������
�������

� ��� �	 
�� 
�		 ���� ���


� ��� ��
 ��� �������� �������� ��������

� ���� ��� ����� ����� ���� ����

� ��
�
 ��
	� ����� ���� ���� �����

"����
��#�����

�� �
 �� �
 �� 	� ��

���� ���
 ���� ���� ���� ��

 ����

���	 ���	� ���	� ��
�� ����� ����� �����

���������������������

����� ������������

!�������

�����������"��

!�����������"��

!�������#���"��

$�����%���%�&

'��#(��%�)��!���������

)�*��#(��%�)��!���������

+������������

,�� -�������%�������

��&���������

.(������%�"����� 

.(�������/����0���� 

Fig. S9. Assessment summary of the results of profilers on the HMP Mock Community
dataset. This dataset consists of one sample.
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e family - HMP Mock Community dataset
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f genus - HMP Mock Community dataset
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g species - HMP Mock Community dataset
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Fig. S10. Assessment summary of the results of profilers on the HMP Mock Community
dataset. This dataset consists of one sample.
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a CAMI I high complexity dataset

b CAMI II mouse gut dataset

c HMP Mock Community dataset

Fig. S11. Sum of scores obtained by profilers as a result of their rankings for the metrics
completeness, purity, L1 norm, and weighted UniFrac over all major taxonomic ranks.
Scores obtained for each metric are given in Fig. 2d in the main document and Fig. S5e,f above. a, b,
and c show the sum of scores on the CAMI I high complexity, the CAMI II mouse gut, and the HMP
Mock Community datasets, respectively. For details of the scores computation, see main text.
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a CAMI I high complexity dataset
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b CAMI I high complexity dataset
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c CAMI II mouse gut dataset
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d CAMI II mouse gut dataset
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e HMP Mock Community dataset
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f HMP Mock Community dataset
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Fig. S12. Shannon equitability computed from the profiling results on the CAMI I high
complexity (a), the CAMI II mouse gut (c), and the HMP Mock Community (e) datasets.
b, d, and f show the absolute difference in Shannon equitability of each method to the gold standard.
The closer the Shannon equitability of the predicted profile by a method to the gold standard, the better
it reflects the actual alpha diversity in the gold standard in terms of evenness of the taxa abundances.
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a b c d

e f g

Fig. S13. Scatter plots of Bray-Curtis distances from the profiling results on the CAMI I
high complexity dataset. The plots visualize beta diversity at the species level. For each profiling
method and plot, a point corresponds to the Bray-Curtis distance between the abundance predictions
for a pair of input samples by the method (x-axis) and the Bray-Curtis distance computed for the gold
standard for the same pair of samples (y-axis). The closer a point is to the line x = y, the more similar
the predicted taxa distributions are to the gold standard.
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